Abstract
INTRODUCTION
The pathogenesis of coeliac disease (CD) is unclear. Although the majority of CD patients are HLA-DQ2 or DQ8 positive, only a small percentage of HLA-DQ2 and DQ8 carriers in the healthy European population develop CD [1] . Human genome screening of CD patients and their families support the polygenic inheritance of the disease [2] . Different genes are involved in the disease susceptibility or in determining clinical course and severity of the lesion [3] . Ciccocioppo et al [4] reported the significant correlation between the degree of villous atrophy (VA) and the level of enterocyte apoptosis. FAS (TNFRSF6) expression increased in the abnormal segment of small intestine in CD [4, 5] . Therefore, the epithelial FAS engagement might contribute to the development of villous atrophy [4, 5] . We studied the association between the FAS-G670A gene polymorphism with the severity of VA and the disease susceptibility in a cohort of untreated Caucasian CD patients at the time of presentation and ethnically matched healthy controls.
MATERIALS AND METHODS

Subjects
Before treatment, 146 unrelated CD patients were classified according to modified Marsh classification. Their diagnoses were confirmed only if patients responded to gluten-free diet both clinically and histologically [6] , and 203 healthy ethnically matched controls were enrolled in this study.
Methods
Villous atrophy classification
The histological features were classified according to the modified Marsh classification [7] . In the original classification, Marsh described subtotal villous atrophy as a destructive lesion and called it the Marsh III lesion. In our study, to assess the severity of the histological features, we classified the Marsh III type lesion into 3 subgroups [8] . Briefly, in all subgroups, histological lesions had the significant intraepithelial lymphocytosis (>30 lymphocytes per 100 epithelial cells). The architectural changes permitted classifying the lesion into three subtypes with increasing severity. They were designated as Marsh IIIa (partial VA) when the villouscrypt ratio was less than 1/1, Marsh IIIb (subtotal VA) when there were still recognizable villi in an otherwise flat mucosa, and Marsh IIIc (total VA) when there was nearly complete absence of villi. Typing FAS-G670A polymorphism PCR amplification and genotype analysis for FAS-G670A were performed according to previously published methods [9] . In brief, genomic DNA was extracted from peripheral blood using a standard proteinase K digestion and phenol/chloroform extraction method and mouthwash method [10] . The FAS-G670A polymorphism was typed as described previously by Huang et al [9] with the following minor modifications. PCR: 5 min at 95 , 30 cycles of 30 s at 95 , 30 s at 62 , and 1 min at 72 , followed by a final extension for 7 min at 72 . Primer sequences were 5'-CTA CCT AAG AGC TAT CTA CCG TTC-3' and 5'-GGC TGT CCA TGT TGT GGC TGC-3'. The 332 bp PCR product 
Statistical analysis
Hardy-Weinberg equilibrium test was carried out by using statistical software for linkage analysis [11] . χ 2 statistics and Fisher's exact test were used for comparisons of frequencies. The subjects were classified according to the number of G alleles that they inherited, such as 0 for subjects who were carriers for A allele of FAS-G670A, i.e. AA genotype, 1 for those who were carriers of 1 copy of G allele, i.e. AG genotype and 2 for subjects who inherited 2 copies of G allele, i.e. GG genotype. Logistic regression was used to fit statistical models to predict the association of FAS-G670A polymorphism with the severity of villous atrophy or with susceptibility to CD. All the statistical models were adjusted for age (years) and gender. Associations are expressed as odd ratios (OR) with 95% confidence interval (95% CI). Estimation of 95% CI was based on Wald's method. A two tailed P value <0.05 was considered as significant. Statistical analysis was performed with SPSS version 10.07 for windows software.
RESULTS
Susceptibility of CD
The characteristics of study participants are shown in Table 1 . The genotype frequencies were in Hardy-Weinberg equilibrium proportions in patients and controls. There was no significant difference in genotype distributions between patients and controls (Table 1) . In men, the frequency of GG genotype was higher in cases (27.3%) compared to that of controls (12.8%), yielding to OR of 2.60, 95% CI 0.96-7.05, P=0.061. The GG genotype was significantly (P=0.020) higher in women (26.5%) compared with men (12.8%) in healthy control.
Figure 2
Trend for GG genotype frequency in different severity of villous atrophy in untreated CD women, P=0.027, adjusted for age.
Association of villous atrophy
In cases, men had a significantly lower frequency of Marsh IIIc compared to women (OR=0.20, 95% CI 0.06-0.68, P=0.01). Genotype and allele frequencies in Marsh III subgroups are presented in Table 2 . There was a significant (P=0.025) difference of GG genotype frequency between Marsh IIIc which had the most severe form of the disease and Marsh IIIa (OR=3.74, 95% CI 1.19-11.82). In chromosomal analysis, we found a borderline significant association between G allele and Marsh IIIc villous atrophy (OR=1.81, 95% CI 0.97-3.38, Table  2 ). However, in women, G allele was significantly associated with this subgroup (OR=1.75, 95% CI 1.00-3.06, P=0.048). The severity of VA increased additively with increasing number of G alleles in women (P for trend =0.027) (Figure 2 ).
DISCUSSION
We found a significant association between the FAS-670 GG genotype and the severity of celiac disease, particularly in women. However, we did not find significant differences in genotype frequencies between controls and CD patients. This suggested that the FAS gene was not a susceptible gene for this disease. The fact that genotype frequencies of patients and controls were in Hardy Weinberg equilibrium confirmed the validity of the typing of the results. The intestinal pathological diagnosis was confirmed by two independent pathologists. Therefore our data suggested an association of FAS-G670A polymorphism with the severity of CD. Since this polymorphism of the FAS gene (TNFRSF6) is located in the promoter region, it may affect the level of transcription of the FAS protein. Previous work suggested that the substitution of G to A in the position -670 (TTCCAG G/A AA) would change the gamma interferon activation site (GAS) (TTCnnnGAA) [12] [13] [14] . This site was involved in interferon gamma and interferon alpha signalling [15] . GAS elements are known to bind to homodimers of a phosphorylated form of the 91-kDa transcription factor, STAT1. Interferon gamma could cause tyrosine phosphorylation of STAT1 by the interferon gamma receptor-associated Janus kinases 1 and 2. Subsequently, phosphorylated STAT1 formed homodimers and translocated into the nucleus where it induced transcription of GAScontaining genes [16] . FAS was significantly upregulated by interferon gamma according to several reports [17] [18] [19] . Xu et al [20] and De Saint Jean et al [21] have implicated STAT1 in this upregulation effect of interferon gamma. We therefore postulate that FAS-670G variant containing the GAS (TTCCAGGAA) could be affected by interferon gamma production and increase the transcription of Fas. This may result in different degree of apoptosis in CD with different degrees of VA. Our data confirmed that the risk of having severe villous atrophy increased additively with the number of G alleles. The GG homozygote was strongly correlated to the severity of VA in CD. Intermediated by GAS, both interferon gamma and Fas might play an important role in the pathogenesis of villous atrophy. This was in agreement with previous reports showing that mucosal gluten exposure elicited a high level interferon gamma expression in CD [22] . Interferon gamma could increase FAS-induced apoptosis of human intestinal epithelial cells in a dose-dependent manner [23] . Considering the previous reports [24] [25] [26] , we hypothesize that FAS-G670A is functional and further functional tests are necessary. The FAS-G670A gene polymorphism contributes to the determination of the severity of small intestinal lesions and opens a new area of research that may help understand the heterogeneity of this disease. Our findings were in the same line of a recent genome-wide family-based linkage study of CD that found a potential susceptible locus at 10q23.1 [27] close to the cytogenetic region (10q23.31) of the FAS (TNFRSF6) gene [28] . These results may also explain why the different genome-wide studies of families with multiple cases of CD had not uniformly found a similar lod score at chromosome 10q23, since the proportion of patients with severe villous atrophy might differ from each other in those studies.
Our data also showed a gender difference in relation to the severity of VA and in the genotype distribution of FAS-G670A. Even though there was no difference of GG genotype frequency in women and men among the cases, men had a significantly less proportion of Marsh IIIc VA than women. This might be due to the different immune responses between men and women. Women were more likely to develop Th1 response (secreting higher amounts of IL-2, interferon gamma, and TNFbeta than men) [29] . In summary, our findings suggest that increased expression of FAS in villous atrophy is in part genetically regulated and the FAS gene plays a significant role.
